The feasibility of intelligent utilization of iron-aluminum scraps is explored in this work. Through adding aluminum which is contained in the scraps to cast iron, the changes in wear resistance, heat resistance and damping property of aluminum-alloyed cast irons were systematically investigated. Superior properties were obviously manifested in the cast irons with certain aluminum contents. Iron-aluminum mixed scraps are expected to be utilized as a raw material for high quality cast irons.
Introduction
In Japan, approximately 1270 thousand tons of steel cans are consumed every year, 70% of which are containers of drinks. Used steel cans are valuable resources. As shown in Fig. 1 , 82.9% of used steel cans were recycled in Japan in 1999, 1) that is, easy to recycle steel cans. Most of used steel cans are collected, melted in electric furnaces at iron mills, and regenerated. Attempts are also being made to regenerate the used steel cans in the form of cast irons by transporting the collected steel cans to foundries instead of the iron mills (Fig. 2) . Figure 3 shows the numbers of foundries employing at least 20 operators and iron mills in Japan.
2) There are almost ten times as many foundries as iron mills, so the energy and costs needed. The amount of CO 2 emitted during transporting the used cans can be sharply reduced by recycling the cans in foundries.
The cap of a steel drink can is made of an aluminum alloy. Thus, the regenerated metal is a mixture of iron and aluminum. If the mixture alloy is intelligently used to produce high quality cast irons, a new route for recycling the used steel drink cans in foundries could be established. In this work, the authors examine the properties of cast irons that contain aluminum. Fig. 1 Trend of recycle ratio of steel cans in Japan.
Experimental
The compositions of the cast iron specimens used in the experiments are listed in Table 1 . By mass, the specimens contained 3.2%C, 1.6 to 2.4%Si, and 0 to 20%Al. The wear resistance, heat resistance, and damping performance of these specimens were evaluated.
Pin-on-disk method was applied to investigate the wear resistance property. The pin specimen has 20 mm length 8 mm diameter. It was pressed to the disk specimen made of S55C steel under a pressure of 2 MPa. The rotating speed of the disc specimen was 0.5 m/s, and wearing test was conducted for 4 ks.
Heat resistance was evaluated by cutting the cast iron specimen into pieces, with polished surfaces. The specimens were heated in air atmosphere at different temperatures for 21.6 ks, and the oxidized surfaces and changes in weight were examined.
Damping capacity of the cast irons was measured by the free-decaying oscillation method. Figure 4 shows the schematic of the equipment used for evaluating the damping property. A vibrating force in a certain frequency was applied to the center of each specimen plate, in the dimension of Table 1 Chemical compositions of aluminum-alloyed cast iron (mass%). 1 mm × 10 mm × 80 mm. The logarithmic decrement was determined by the time dependent decaying of strain amplitude.
Results
Figure 5 shows the dependence of the hardness of cast iron on aluminum content. In those cast iron specimens that contain 2.4%Si, the fraction of pearlite in the microstructure decreases with the increasing content of aluminum until 6%. On the other hand, those specimens that contain 8% and 12%Al show the obvious precipitation of carbides, and are likely to be highly wear resistant. In the case of more than 16%Al, the characteristic microstructure feature is the uniform ferrite matrix. Figure 6 shows the wear resistance of the aluminumalloyed cast irons with 2.0%Si through the pin-on-disk tests. The very high wear resistance is exhibited in the specimens with aluminum content of 10-16%. The wear resistance is not changed by aluminum content in the range of 0-6%Al, while the specimen of 8%Al shows a slightly improved wear resistance. The very small carbide particles formed the 8%Al specimen may contribute to the wear resistance. It is found that the composition range of cast irons showing a high wear resistance corresponds to the range in which large carbides are precipitated in the microstructure. Figure 7 shows the changes in weight of the specimens by oxidization. Specimens were exposed for 21.6 ks in the air at 873 K, 1073 K and 1273 K, respectively. The weight changes of the specimens were measured every 7.2 ks. It is shown that the higher aluminum content causes an improved heat resistance. In case of 1273 K, specimens that contain at least 6%Al do not increase in weight by oxidization. Other experiment also showed that high-temperature oxidization was closely related to silicon content as well as aluminum content and the formation of an alumina coat improved the heat resistance. Figure 8 shows the surfaces of the specimens that are exposed for 21.6 ks at 1273 K. Dark areas observed in these specimens correspond to the thick layer of iron oxides. These areas become smaller with increasing aluminum content in the cast irons. Such layers have not been observed in speci- mens with more than 10%Al. The oxidization of the surface was extensively suppressed in the specimens that contained a high content of aluminum. Figure 9 shows the relationship between the logarithmic decrement values (damping capacity), determined by the centrally excited tests, and aluminum content in the cast irons containing 2.0%Si. The flake graphite cast iron, which is widely used as a damping material, shows a large increase in the logarithmic decrement by the addition of 4%Al. Further addition of aluminum to about 12% has caused a decrease of damping capacity, but the increase is again observed in the composition range of 12-16%Al. Aluminum promotes the formation of ferrite and graphite, therefore damping capacity increase occurs at around 4%Al. Since a large amount of carbides were formed at around 12%Al, the damping capacities were lowered to the damping capacity level, nearly the same to that cast iron without Al shows. The matrix microstructure changes from carbide/ferrite to ferrite in the compositions with more than 12%Al. The all-ferrite microstructure is non-magnetic, therefore, the magnetic transformation might be concerned with the good damping capacity at around 16%Al. Cast irons with a good damping performance can be produced from the used steel cans by controlling the amount of aluminum so as to avoid carbide precipitation.
Conclusion
The properties of cast irons are obviously improved by adding aluminum. Used steel drink cans are an inexpensive and abundant source of Fe-C-Si-Al alloy. Figure 10 summarizes the relationship between the aluminum content of cast iron and their expected properties. The addition of small amounts of aluminum may be used to control the amount of pearlite. Addition of approximately 12%Al produces the precipitated carbides and hence improves wear resistance, in addition to the improved damping capacity in the compositions less than 12%Al. Aluminum addition of over 6% can improve heat resistance obviously. Aluminum content of over 20% produces non-magnetic anticorrosion alloys. Cast irons with versatile properties can be produced easily by changing the amount of aluminum. Scraps of iron and aluminum, such as the engine cylinder blocks that are cast iron covered by aluminum, the die-cast aluminum alloys that contain iron to prevent baking, as well as the aforementioned steel cans, may be conveniently used to produce aluminum cast iron. The fab-rication of the functional alloys should be an effective way to promote the recycling of wasted metals.
